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Dear Sir: 

In response to the communication mailed December 21 , 2006, Applicants 
provisionally elect the claims of Group II, with traverse. Applicants believe that 
claims directed to a method of inhibiting neointima formation and a method of 
treating atherosclerosis do not meet the requirements for restriction as described 
in MPEP §806.05Q) because they are neither mutually exclusive nor incapable of 
use together. As indicated in the Examiner's Note for §806.050), mutually 
exclusive is taken to mean that there is no process that would infringe both of the 
identified inventions. Intimal lesion formation ("neointima formation") is a 
common feature of atherosclerosis and of restenosis associated with placement g 
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prevention of restenosis and atherosclerosis!' (page 489, paragraph 2, 
emphasis added). Neointima formation and atherosclerosis are not mutually 
exclusive conditions or processes, but rather are related in that neointima 
formation is a feature of atherosclerosis and inhibition of neointima formation is a 
method for inhibiting the development of the atherosclerotic condition. Rejoinder 
is therefore respectfully requested. 

Applicants understand that the restriction requirement was presented 
subject to non-allowance of the linking claims, claims 1 , 2, 10 and 1 1 , and that 
should the Examiner maintain the restriction between claims directed to a 
method for inhibiting neointima formation and a method for preventing or treating 
atherosclerosis, the claims of Groups I and II will be rejoined and fully examined 
for patentability upon a finding that claims 1 and 2 are allowable and the claims 
of Groups III and IV will be rejoined upon a finding that claims 10 and 1 1 are 
allowable. 

Applicants understand that should the Examiner maintain the requirement 
for restriction, non-elected claims will be withdrawn/canceled without prejudice 
and Applicants reserve the right to introduce any such claims in one or more 
related applications claiming the benefit of priority of the present application. 
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A one-month extension of time to file the response is respectfully 
requested, and appropriate fee required by 37 CFR 1.17 accompanies this 
response. 
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Neointima formation is a common feature of atherosclerosis and restenosis after balloon angioplasty. 
To find a new target to suppress neointima formation, we investigated the possible role of midkine 
(MK), a heparin-binding growth factor with neurotrophic and chemotactic activities, in neointima 
formation. MK expression increased during neointima formation caused by intraluminal balloon 
injury of the rat carotid artery. Neointima formation in a restenosis model was strongly suppressed 
in MK-deficient mice. Continuous administration of MK protein to MK-deficient mice restored 
neointima formation. Leukocyte recruitment to the vascular walls after injury was markedly 
decreased in MK-deficient mice. Soluble MK as well as that bound to the substratum induced migra- 
tion of macrophages in vitro. These results indicate that MK plays a critical role in neointima for- 
mation at least in part owing to its ability to mediate leukocyte recruitment. 

/. Clin. Invest 105:489-495 (2000). 



Introduction 

The complex processes leading to atherosclerosis and 
postangioplasty restenosis are being increasing clari- 
fied (1, 2). A common feature of these vascular patho- 
logical processes is intimal lesion formation. Respond- 
ing to signals delivered from the injured endothelial 
cells and accumulating inflammatory cells, smooth 
muscle cells migrate from the media to the intima and 
proliferate to form intimal lesions. 

Suppression of intimal lesion formation is important 
from the viewpoint of prevention of restenosis and ath- 
erosclerosis. For clinical application, inhibition of 
growth factor action (3-7) is promising, and PDGF has 
become one focus of such an approach (3, 4). 

The choice of a growth factor as the target is impor- 
tant, so that a good therapeutic effect can be obtained. 
We considered that the growth factor of choice should 
preferably have the following properties: (a) it is essen- 
tial for neointima formation, namely, restenosis is sup- 
pressed in mice deficient in this factor; (b) its distribu- 
tion is restricted; and (c) its level of expression is 
increased during neointima formation. 

Here, we report that a heparin-binding growth factor, 
midkine (MK) (8, 9), fulfills these requirements. MK has 



50% sequence identity with pleiotrophin/heparin-bind- 
ing growth-associated molecule (PTN/HB-GAM) and is 
distinct from fibroblast growth factors (10-12). Expres- 
sion of MK in adult tissue is severely restricted, and in the 
mouse, only the kidney and the uterus express this mol- 
ecule at high levels (13). Both MK and PTN/HB-GAM 
have neurotrophic activities and are considered to be 
involved in neurogenesis and tumor progression (14-17). 

Methods 

Rat models. Male Sprague-Dawley rats (15-20 weeks old, 
350-400 g) that had been fed normal rodent chow were 
anesthetized with ketamine (45 mg/kg). Intraluminal 
balloon injury in the carotid artery was performed as 
described by Clowes et al. (18). Three (n = 3), 7 (» = 4), 
and 14 days (n - 3) after balloon injury, the carotid 
arteries were taken for histological analysis. For RT- 
PCR and Western blotting analysis, samples 3 hours (n 
= 3), 3 (n = 3), 7 (n = 3) and 14 days (n - 3) after balloon 
injury and control (n = 3) carotid arteries were excised 
and carefully cleaned of the surrounding tissue. The tis- 
sue was homogenized immediately for isolation of 
total RNA or protein as described previously (19). 
Mouse models. MK-deftcient mice were generated as 
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described elsewhere in detail (15). The mice were fed 
normal rodent chow. To monitor intimal lesion for- 
mation, adult male 129-SV mice and male MK-defi- 
cient mice with the 129-SV genetic background were 
used in the carotid ligation model (10-15 weeks old, 
25-30 g). The age of the mutant mice and the control 
mice was set to be identical. After anesthesia with Nem- 
butal (Abbott Laboratories, North Chicago, Illinois, 
USA), the carotid artery was ligated near the carotid 
bifurcation as described by Kumar and Lindner (20). 

In the pump study, MK protein in saline (0.8 mg/mL) 
(n = 10), human albumin (Wako Pure Chemical Indus- 
tries, Osaka, Japan) in saline (0.8 mg/mL) (n - 10), or 
saline (n = 10) was infused using an osmotic pump 
(Alza Corporation, Palo Alto, California, USA) into 
MK-deficient mice. The pumps infused a total of 90 |J.L 
continuously over a period of 7 days. The pumps were 
implanted under the abdominal skin and exchanged 7 
days after the initial implantation. The serum choles- 
terol level and lipoprotein profile were determined by 
SRL Inc. (Tokyo, Japan) with kits for clinical use. 

Morphometry of mouse arteries. The extent of intimal 
lesion proliferation was quantified by examining 10 
hematoxylin and eosin-stained cross-sections of each 
left carotid artery within 5 mm of the ligation site, as 
described by Kumar and Lindner (20). The circumfer- 
ences of the external elastic lamina, internal elastic lam- 
ina and lumen, and the areas of the intima and media 
were measured using C. Imaging Series Simple (Com- 
pix Inc., Tualatin, Oregon, USA). Statistical analysis 
was carried out by the Mann- Whitney test. 

MK protein and antibodies. To generate human MK pro- 
tein, an expression vector for yeast (Pichia pastoris GS1 15; 
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Figure 1 

Increased MK expression in the carotid artery after balloon injury, (a) 
RT-PCR products for MK and GAPDH were separated on 1% agarose 
gels, (b) Competitive RT-PCR for MK and GAPDH. (c) Proteins 
extracted from the carotid arteries that corresponded to an original 
weight of 1 0 mg were separated by 1 5% SDS-PAGE. MK protein was 
detected with anti-mouse MK antibody on Western blotting. 



Research Corporation Technologies, Tucson, Arizona, 
USA) was constructed by inserting a cDNA fragment 
covering the open reading frame of human MK (21) into 
pHIL-D4 (Invitrogen, Carlsbad, California, USA). After 
transfection of the expression vector into yeast, selection 
with histidine and G418 was carried out. The human 
MK protein was purified from the yeast by anion 
exchange chromatography and affinity chromatography 
on a heparin column. The purified human protein 
exhibited neurotrophic activity comparable to that of 
mouse MK produced in L cells (22). Antibodies against 
bacteria-produced mouse MK (23) were raised by injec- 
tion of the purified protein into rabbits and purified by 
a combination of affinity chromatography on protein-A 
and MK columns (23). The antibodies were specific to 
MK and did not react to PTN/HB-GAM. 

PCR. One microgram of total RNA was reverse-tran- 
scribed by Superscript II (GIBCO BRL, Rockville, Mary- 
land, USA). The samples were denatured at 94° C for 1 
minute; the PCR was performed for 28 cycles of 30 sec- 
onds at 94°C, 30 seconds at 55°C, and 30 seconds at 
72 °C. The oligonucleotides used for amplification were 
as follows: Rat MK cDNA sequence (EMBL/Gene Bank 
Accession number AB025023) was used to design the 
oligonucleotides for MK: forward, ATGCAGCACC- 
GAAGTTTCTTC; reverse, TCAGTCCTTT CCTTTTCCTTT. 
For rat GAPDH: forward, GACCACAGTCCATGCCAT- 
CAC; reverse, GTAGCCGTATTCATTGTCATACC. Compet- 
itive PCR of MK and GAPDH was performed using a 
Competitive DNA Construction Kit (Takara, Osaka, 
Japan) according to the manufacturer's protocol. 

Western blotting analysis. Proteins extracted from the 
carotid arteries that corresponded to an original weight 
of 10 mg were separated by 15% SDS-PAGE. MK pro- 
tein was detected by Western blotting with anti-mouse 
MK antibody using an ECL kit (Amersham, Bucking- 
hamshire, United Kingdom) (19). 

Histological specimens. Carotid arteries were fixed with 4% 
paraformaldehyde, embedded in paraffin, and cut into 5- 
|Im sections. To make 5-|lm cryosections of carotid arter- 
ies, mice were perfused with 3.0% paraformaldehyde in 
PBS, and tissues were rinsed overnight in 20% sucrose 
before embedding in OCT compound (Tissue-Tek, Tor- 
rance, California, USA). 

Immunohistocbemistry. The procedure for immunostain- 
ing of MK in paraffin sections was as described previous- 
ly (24). The specificity of the immunostaining for MK was 
confirmed by absorption of the anti-MK antibodies with 
recombinant MK, followed by heparin-Sepharose affinity 
chromatography as described previously (25). 

A rat mAb against the mouse leukocyte common 
antigen CD45 (PharMingen, San Diego, California, 
USA) was used to determine the presence of inflam- 
matory cells in paraffin sections. In addition to incu- 
bation with unconjugated goat an ti- rat IgG (The Jack- 
son Laboratory, Bar Harbor, Maine, USA) as the 
second antibody, biotinyl-tyramide and streptavidin- 
horseradish peroxidase (NEN Life Science Products, 
Boston, Massachusetts, USA) incubation was per- 
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Figure 2 

MK protein localization in the rat model, (a and b) Untreated carotid artery; (c-e) 7 days after balloon injury; (f and g) 14 days after bal- 
loon injury, (a, c, f) Hematoxylin and eosin staining; (b, d, g) MK-immunostaining; (e) control immunostaining with preabsorbed antibod- 
ies. MK protein was detected in the endothelial cells (arrow in b) in untreated samples (b). Seven and 1 4 days after balloon injury, MK pro- 
tein expression was mainly localized in intimal lesions (d, g). Arrowheads in c-g indicate internal elastic lamina above which intimal lesions 
are located. The negative staining with preabsorbed antibodies indicated that the immunostaining with MK antibodies was specific (e). a 
and b; c, d, and e; and f and g have identical magnification, respectively. Each scale bar is 50 urn. 



formed to enhance the signal. Cryosections were 
stained with a monoclonal rat anti-mouse monocyte- 
macrophage marker MOMA-2 (Biosource Interna- 
tional, Camarillo, California, USA), a monoclonal rat 
anti-mouse neutrophil marker 7/4 (Serotec Ltd., 
Oxford, United Kingdom), or the anti-CD45 followed 
by detection with fluorescent isothiocyanate-rabbit 
anti-rat IgG (Zymed Laboratories, Inc., South San 
Francisco, California, USA). 

Culture of macrophages and migration assay. 
Macrophages were collected from the mouse peri- 
toneum as described by Xie et al. (26). The migration of 
macrophages was assayed by a modification of the Boy- 



den chamber method using Transwell chambers 
(Costar, Cambridge, Massachusetts, USA) with pores 
of 5.04lm diameter as described by Brown et al. (27). 
Aliquots of 1.0 X 10 6 cells/mL in RPMI1640 medium 
containing 5% FBS (100 |lL) were placed in the upper 
chamber. Then, 600 [iL of RPMI1640 medium con- 
taining 5% FBS and MK was placed in the lower cham- 
ber. Alternatively, the lower surface of the filter was 
coated with MK in PBS. 

Culture of aortic smooth muscle cells and migration assay. 
Rat aortic smooth muscle cells were prepared as 
described by Basson et al. (28). The tissue explants 
were cultured in DMEM supplemented with 10% FBS. 




Figure 3 

Intimal lesion formation was suppressed in MK-deficient mice, and exogenous MK caused its resumption. The results of hematoxylin and 
eosin staining of samples 1 4 days after ligation (b-e) and a control (a) are shown, (a) Control (without ligation); (b) wild-type mice (Mdk*'*)\ 
(c) MK-deficient mice (Mdlc'-)', (d) Mdlc'- mice treated with saline; (e) Mdlc'- mice treated with MK protein. Arrowheads indicate the inter- 
nal elastic lamina. Asterisks indicate intimal lesions. Bar, 100 urn. 
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Smooth muscle cells at the fifth to eighth passage 
were used for the migration assay performed as 
described for macrophage migration. Conditioned 
medium of smooth muscle cells was collected after 
culturing 2 days and used instead of the assay medi- 
um. MTT (3-[4,5-dimethylthiazoil-2yl]-2,5-diphenyl- 
tetrazolium bromide) assay was performed according 
to Fukuzawa et al. (29). 

Results 

MKexpression duringneointima formation. A rat model using 
intraluminal balloon injury of the carotid artery (18) was 
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Figure 4 

Morphometric analysis of neointima formation, (a and b) Comparison 
between Mdk*'* and Md\c f ~ mice; (c) comparison between Mdlc'- mice 
treated with either saline, albumin, or MK protein, (a) The mean ratios 
between the areas of the intimal lesion and the media (IL/M) and stan- 
dard deviations for MdW and Mdkr^. The difference between MdW* 
and Md\cf- mice was statistically significant (P< 0.001 ; Mann-Whitney 
test), (b) Circumferences of the external elastic lamina (EEL) and lumen 
(Lumen). The circumference of the lumen was significantly different 
between Mdk*'* and Mdlc'- mice (P< 0.001 ; Mann-Whitney test). In all 
plots, the open columns indicate Mdk*'* mice, and the filled columns 
indicate Mdkr'-. NS, not significant. (c)The mean ratios (IL/M) and 
standard deviations for M<//r /_ mice treated with saline, human albu- 
min, or MIC The open column indicates mice treated with MK; the gray 
column indicates mice treated with human albumin; and the filled col- 
umn indicates mice treated with saline. The difference between the MK- 
o*eated group and those treated with human albumin or saline was sta- 
tistically significant {P < 0.001 ; Mann-Whitney test). 



used to determine the mode of MK expression during 
neointima formation, as rat samples are relatively large 
and more suitable for quantitative analysis than those of 
the mouse. We first cloned the rat MK cDNA by RT-PCR 
The deduced amino acid sequence (EMBL/GenBank 
accession number AB025023) showed 95% identity with 
mouse MK and 87% with human MK. MK RNA level was 
monitored by RT-PCR (Figure la) and more quantita- 
tively by competitive PCR (Figure lb). MK RNA was 
expressed at a low level in uninjured arteries (Figure 1, a 
and b). This weak expression continued until 3 days after 
balloon injury (abbreviated as day 3), although a slight 
decrease in the expression was observed after 3 hours 
(Figure lb). On day 14, when neointima formation was 
completed, MK RNA level was slightly decreased com- 
pared with that on day 7 (Figure lb). MK expression 
reached a maximum on day 7, with induction of more 
than 10-fold compared with the control level (Figure lb). 
Western blotting analysis confirmed that MK protein 
expression was similar to that of MK RNA expression 
(Figure 1c). Immunohistochemical staining revealed that 
MK protein was present only in endothelial cells before 
injury (Figure 2b), but was strongly expressed in the 
neointimal region on day 7 (Figure 2d) and day 14 (Fig- 
ure 2g). Therefore, the mode of MK expression implies a 
possible role in neointima formation. 

The role ofMK in neointima formation determined in MK- 
deficient mice. Recently, a mouse model of neointima 
formation induced after cessation of blood flow by lig- 
ation of the carotid artery was established (20). The 
spatio-temporal profile of neointima formation in this 
model is similar to that in the more widely used rat bal- 
loon injury model (18). In both cases, neointima for- 
mation is completed by day 14. 

We used the mouse model to determine whether neoin- 
tima formation was affected in mice deficient in the MK 
gene (Mdk). The MK gene-deficient (Mdkr^) mice were 
fertile and showed no apparent abnormalities except that 
postnatal development of the hippocampus was delayed 
and the young mice exhibited abnormal behavior (15). 

We compared neointima formation in Mdk'/~ mice 
and in control wild-type mice (Mdk* /+ ). Both Mdk* /+ and 
Mdk~/~ mice were 129/SV genetic background and were 
the same age. In Mdk*/* mice, neointima formation was 
evident as assessed on day 14 (Figure 3b), whereas it 
was almost completely suppressed in Mdk~/~ mice (Fig- 
ure 3c). This was also true on day 28 (data not shown). 
For quantitative analysis, we examined specimens from 
10 Mdk*/* and 10 Mdk~/~ mice on day 14. The mean 
ratio of the areas of the neointima and media was sig- 
nificantly decreased in Mdk~/~ mice (Figure 4a). In addi- 
tion, the circumference of the lumen was significantly 
increased in Mdk~/~ mice (Figure 4b). The circumference 
of the external elastic lamina was comparable (Figure 
4b), indicating that artery samples of comparable sizes 
were used for analysis. On the other hand, thickening 
of the media took place in Mdk~/' mice (Figure 3c) as in 
Md}?^ (Figure 3b). The serum cholesterol level and 
lipoprotein profiles were not different between Mdk*/* 
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Figure 5 

CD45 staining of paraffin sections from the mouse carotid artery 
after ligation, (a and b) 3 days after ligation; (c and d) 7 days after 
ligation, (a and c) MdW* mice; (b and d) Mdk~^~ mice. Arrowheads 
indicate CD45-positive cells. Bar, 50 U.m. 

and Mdkr'- mice (data not shown). 

To confirm further the direct role of MK in neointi- 
ma formation, MK protein was continuously infused 
at 0.02 1 mg/kg per hour into Mdkr'~ mice after carotid 
artery ligation using an osmotic pump. Neointima for- 
mation was then evaluated on day 14. We found that 
neointima formation was restored by MK administra- 
tion (Figure 3e), whereas infusion with saline (Figure 
3d) or human albumin in saline (data not shown) did 
not produce any effect. The mean ratio of the areas of 
the intima and the media was significantly different 
between the MK-treated group and those treated with 
human albumin or saline (Figure 4c). 

Inflammatory leukocyte recruitment and smooth muscle cell 
miration. Because inflammatory leukocytes, especially 
macrophages, play important roles in neointima for- 
mation (7, 30), we examined leukocyte infiltration by 
staining for CD45, a common inflammatory leukocyte 
antigen. As shown in Figure 5a, several CD45-positive 
cells were seen adhering to endothelial cells on day 3 in 
Mdk*'* mice. Many CD45-positive cells were detected in 
the intimal lesion on day 7 (Figure 5c). However, such 
cells were scarcely detected in Mdkr'- mice on day 3 or 7 
(Figure 5, b and d). 

Given that CD45-positive cells consist of neutrophils 
and macrophages/monocytes, we studied the nature of 



CD45-positive cells by using cryosections of the speci- 
men from Mdk +/ * and Mdhr^ mice on day 7. Cells posi- 
tive in MOMA-2, a monocyte-macrophage marker (Fig- 
ure 6a), and cells positive in 7/4, a neutrophil marker 
(Figure 6c), accumulated in the intimal region in wild- 
type mice. The number of MOMA-2-positive cells were 
more than 7/4-positive cells. Scarcely any MOMA- 
2-positive cells or 7/4-positive cells were present in the 
specimens from Mdk^' mice (Figure 6, b and d). 

To confirm MK's ability to stimulate chemotaxis, we 
carried out Boyden chamber assay. At 100 ng/mL, MK 
increased macrophage chemotaxis by 2.5-fold (Figure 
7a). When the lower surface of the filter of the assay 
chamber was coated with high concentration of MK, 
migration was enhanced by 4-fold (Figure 7b). 

The effect of MK on smooth muscle cells was also 
determined by modified Boyden chamber assay. Solu- 
ble MK at the concentration of 100 ng/mL increased 
the migration by 1.8-fold, and this effect was signifi- 
cant (P < 0.01) (Figure 7c). In conditioned medium 
from smooth muscles cells, smooth muscle cell migra- 
tion increased and addition of MK further increased 
the migration by 2.0-fold (Figure 7c). MK did not pro- 
mote smooth muscle cell proliferation as assessed by 
MTT assay (data not shown). 




Figure 6 

Expression of a macrophage monocyte marker and a neutrophil 
marker in inflammatory cells that accumulated in the intimal lesion 
7 days after ligation, (a and b) Expression of MOMA-2, a monocyte- 
macrophage marker; (c and d) expression of 7/4, a neutrophil mark- 
er, (a and c) Mdk*'* mice; (b and d) Mdkr'~ mice. Bar, 25 Jim. 
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Discussion 

Using MK-deficient mice, we found that MK plays a 
crucial role in neointima formation. This conclusion 
was supported by the finding that administration of 
MK to MK-deficient mice caused resumption of 
neointima formation. MK was also found at the sites 
of neointima formation before and during the event. 
Quantitative analysis of MK mRNA in the rat system 
showed that MK mRNA level increases during the 
process of neointima formation. 

Inflammatory cells that migrate to the vessel walls 
are thought to secrete factors that promote the 
migration and/or proliferation of smooth muscle 
cells (1, 2). The importance of inflammatory cell 
recruitment in neointima formation was verified 
using P-selectin-deficient mice, in which neointima 
formation was suppressed with concomitant sup- 
pression in recruitment of CD45-positive cells (30). 
Furthermore, when mice deficient for the receptor of 
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Figure 7 

Enhanced migration of macrophages (a and b) and smooth muscle 
cells (c) by MK. Values shown are means ± SD of migrated cell num- 
ber observed in 10 fields at x400. (a) MK was added at the indicat- 
ed concentrations of 0-1,000 ng/mL to the assay well containing 
macrophages, (b) The filters in the assay well containing 
macrophages were coated on 1 side with MK at concentrations of 
1 -200 Ug/mL (c) MK at 1 00 ng/mL was added to the assay well con- 
taining smooth muscle cells. hMK, human MK produced in yeast. 
mMK, mouse MK produced by the baculovirus expression system 
(39). CM, conditioned medium of smooth muscle cells. 



macrophage chemotactic protein- 1 were crossed with 
apo E-deficient mice, development of atherosclero- 
sis occurring in the latter was significantly sup- 
pressed (7). We found that the recruitment of CD45- 
positive inflammatory cells was almost completely 
eliminated in Mdk^' mice. It is unlikely that this was 
due to altered characteristics of inflammatory cells in 
Mdk~ f ~ mice because MK enhanced migration of 
macrophages derived from Mdk^' mice in a modified 
Boyden chamber assay (data not shown). MK is 
known to promote the chemotaxis of neutrophils 
(31), and in the present study we showed that MK 
promoted the migration of macrophages. PTN/HB- 
GAM is chemotactic to neurons (32) and osteoblasts 
(33). Therefore, it is highly likely that the recruit- 
ment of inflammatory cells is a critical role of MK in 
neointima formation. 

The central issue in neointima formation is the 
response of smooth muscle cells. In the rat balloon 
injury model, the response of smooth muscle ceils to 
neointima-inducing insult is thought to consist of 3 
steps: namely, replication within the media, migra- 
tion from the media to the intima, and proliferation 
within the neointima (2). Neointima formation in 
the mouse ligation model proceeds through the same 
steps (20, 30). Basic fibroblast growth factor released 
from dying smooth muscle cells appears to partici- 
pate in the first step (34). MK-deficient mice exhibit- 
ed thickening of the media after ligation, which was 
comparable to that in wild-type controls. Thus, the 
initial response to the neointima-inducing insult is 
not affected by MK deficiency, but the second and/or 
final steps were affected. We did not detect growth- 
promoting activity of MK toward cultured smooth 
muscle cells, although other researchers previously 
reported moderate activity (35). However, MK exhib- 
ited significant migration-promoting activity toward 
cultured smooth muscle cells. Therefore, MK may 
promote neointima formation through 2 routes: 
recruitment of inflammatory cells that secrete factors 
acting on smooth muscle cells, and direct action on 
smooth muscle cells. These 2 routes might collabo- 
rate to exert the full function of MK in vivo. 

Several reagents, including heparin, a somatostatin 
analogue, and inhibitors of angiotensinogen con- 
verting enzyme, have been clinically used in attempts 
to suppress restenosis, but these attempts failed 
because of side effects or species-related differences 
(36-38). Identification of MK as a molecule involved 
in neointima formation will enable development of 
new approaches for preventing restenosis and possi- 
bly atherosclerosis through the inhibition of MK 
activity or signal pathways downstream of the MK 
action. Anti-MK antibodies and antisense reagents 
are obvious candidates of MK inhibitors. Simultane- 
ously, it is necessary to analyze the expression of MK 
in human pathological specimens to confirm that 
MK is expressed in a way similar to that observed in 
animal models. 



494 



The Journal of Clinical Investigation | February 2000 | Volume 105 | Number 4 



Acknowledgments 

We thank M. Ishihara and K. Aoki for secretarial 
assistance. This work was supported by grants from 
the Ministry of Education, Science, Sports and Cul- 
ture, Japan, including a grant-in-aid for Center of 
Excellence research. 

1. Ross, R. 1993. The pathogenesis of atherosclerosis: a perspective for the 
1990s. Nature. 362:801-809. 

2. Schwartz, S.M., deBlois, D., and O'Brien, E.R.M. 1995. The intima. Soil 
for atherosclerosis and restenosis. Circ. Res. 77:445-465. 

3. Ferns, GAA., etal. 1991. Inhibition of neoinrima smooth muscle accumu- 
lation after angioplasty by an antibody to PDGF. Science. 253: 1 129- 1 132. 

4. Nabel, E.G., et al. 1993. Recombinant platelet-derived growth factor B 
gene expression in porcine arteries induces intimal hyperplasia in vivo. 
J. Clin. Invest. 91:1822-1829. 

5. Banai, S., et al. 1998. PDGF-receptor tyrosine kinase blocker AG 1295 
selectively attenuates smooth muscle cell growth in vitro and reduces 
neoinrimal formation after balloon angioplasty in swine. Circulation. 
97:1960-1969. 

6. Lindner, V., and Reidy, M. A. 1991. Proliferation of smooth muscle cells 
after vascular injury is inhibited by an antibody against basic fibroblast 
growth factor. Proc. Natl. Acad. Sci. USA. 88:3739-3743. 

7. Boring, L, Gosling, J., Clearly, M., and Charo, I.F. 1998. Decreased lesion 
formation in CCR2-/- mice reveals a role for chemokines in the initia- 
tion of atherosclerosis. Nature. 394:894-897. 

8. Kadomatsu, K.,Tomomura,M. > and Muramatsu.T. 1988. cDNA cloning 
and sequencing of a new gene intensely expressed in early differentiation 
of atherosclerosis. Biochem. Biophys. Res. Commun. 151:1312-1318. 

9. Iwasaki, W., et al. 1997. Solution structure of midkine, a new heparin- 
binding growth factor. EMBOJ. 16:6936-6946. 

10. Rauvala, H. 1989. An 18-kd heparin-binding protein of developing brain 
that is distinct from fibroblast growth factors. EMBOJ. 8:2933-2941. 

1 1. MerenmiesJ., and Rauvala, H. 1990. Molecular cloning of the 18-kDa 
growth-associated protein of developing brain. J. Biol Chem. 
265:16721-16724. 

12. Li, Y.S., et al. 1990. Cloning and expression of a developmentally regu- 
lated protein that induces mitogenic and neurite outgrowth activity. Sci- 
ence. 250:1690-1694. 

13. Kadomatsu, K. f Huang, R.-P., Suganuma.T., Murata, F., and Muramat- 
su, T. 1990. A retinoic acid responsive gene MK found in the teratocar- 
cinoma system is expressed in spatially and temporally controlled man- 
ner during mouse embryogenesis J. Cell Biol 110:607-616. 

14. Peng, H.B., et al. 1995. The role of heparin-binding growth-associated 
molecule (HB-GAM) in the postsynaptic induction in cultured muscle 
cells./ Neurosci. 15:3027-3038. 

15. Nakamura, E., et al. 1998. Disruption of the midkine gene (Mdk) result- 
ed in altered expression of a calcium binding protein in the hippocam- 
pus of infant mice and their abnormal behavior. Genes Cells. 3:81 1-822. 

16. Nakagawara, A., et al. 1995. Differential expression of pleiotrophin and 
midkine in advanced neuroblastomas. Cancer Res. 55:1792-1797. 

17. Czubayko, F., Shulte, A.M., Berchem, G.J., and Wellstein, A. 1996. 
Melanoma angiogenesis and metastasis modulated by ribozyme target- 
ing of the secreted growth factor pleiotrophin. Proc. Natl Acad. Sci. USA. 
93:14753-14758. 

18. Clowes, A.W., Reidy, M.A., and Clowes, M.M. 1983. Mechanisms of 
stenosis after arterial injury. Lab. Invest. 49:208-215. 

19. Kadomatsu, K., et al. 1997. Midkine induces the transformation of 
NIH3T3 cells. Br. J. Cancer. 75:354-359. 

20. Kumar, A., and Lindner, V. 1997. Remodeling with neoinrima formation 
in the mouse carotid artery after cessation of blood flow. Arterioscler. 
Thromb. Vase. Biol. 17:2238-2244. 

21. Tsutsui,J., Uehara, K., Kadomatsu, K., Matsubara, S., and Muramatsu, 



T. 199 1. A new family of heparin-binding factors: strong conservation of 
midkine (MK) sequences between the human and the mouse. Biochem. 
Biophys. Res. Commun. 176:792-797. 

22. Muramatsu, H., and Muramatsu, T. 1991. Purification of recombinant 
midkine and examination of its biological activities: functional com- 
parison of new heparin binding factors. Biochem. Biophys. Res. Commun. 
176:792-797. 

23. Take, M., et al. 1994. Identification of nudeolin as a binding protein for 
midkine (MK) and heparin-binding growth associated molecule (HB- 
GAM)./. Biochem. (Tokyo). 116:1063-1068. 

24. Ye, C, et al. 1998. Expression of midkine in the early stages of carcino- 
genesis in human colorectal cancer. Br. J. Cancer. 79:179-184. 

25. Yasuhara, O., etal. 1993. Midkine, a novel neurotrophic factor, is pres- 
ent in senile plaques of Alzheimer disease. Biochem. Biophys. Res. Commun. 
192:246-2S1. 

26. Xie, B., Dong, Z., and Fidler, I.J. 1994. Regulatory mechanisms for the 
expression of type IV collagenases/gelatinases in murine macrophages. 
J. Immunol. 152:3637-3644. 

27. Brown, S.L., Lundgren, C.H., Nordt, T., and Fujii, S. 1994. Stimulation 
of migration of human aortic smooth muscle cells by vitronectin: impli- 
cations for atherosclerosis. Cardiovasc. Res. 28:1815-1820. 

28. Basson, C.T., Kocher, O., Basson, M.D., Asis, A., and Madri, J.A. 1992. 
Differential modulation of vascular cell integrin and extracellular matrix 
expression in vitro by TGF-pl correlates with reciprocal effects on cell 
migration./. Cell. Physiol 153:1 18-128. 

29. Fukazawa, H., Nakano, S., Mizuno, S., and Uehara, Y. 1996. Inhibitors 
of anchorage-independent growth affect the growth of transformed cells 
on poly(2-hydroxyerhyl methacryl ate) -coated surfaces. Int. J. Cancer. 
67:876-882. 

30. Kumar, A., Hoover, J.L., Simmons, C.A., Lindner, V., and Shebuski, R.J. 
1997. Remodeling and neoinrimal formation in the carotid artery of 
normal and P-selectin-deftcient mice. Circulation. 96:4333-4342. 

31. Takada, T., Muramatsu, H., Song, X.-J., Torii, S., and Muramatsu, T. 
1997. Midkine, a retinoic acid-inducible heparin-biding cytokine in 
inflammatory responses: chemotactic activity to neutrophils and asso- 
ciation with inflammatory synovitis.;. Biochem. (Tokyo). 122:453-458. 

32. Maeda, N., and Noda, M. 1998. Involvement of receptor-like protein 
tyrosine phosphatase £/RPTPp and its ligand pleiotrophin/HB-GAM in 
neuronal migration./ Cell Biol. 142:203-216. 

33.1mai, S., et al. 1998. Osteoblast recruitment and bone formation 
enhanced by cell matrix-associated heparin-binding growth-associated 
molecule (HB-GAM)./. CellBiol. 143:1113-1128. 

34. Olson, N.E., Chao, S., Lindner, V,, and Reidy, M.A. 1992. Intimal smooth 
muscle cell proliferation after balloon catheter injury. The role of basic 
fibroblast growth factor. Am. J. Pathol 140:1017-1023. 

35.0hyama, Y., Miyamoto, K., Minamino, N., and Matsuo, H. 1994. Isola- 
tion and identification of midkine and pleiotrophin in bovine follicular 
fluid. Mol Cell Endocrinol 105:203-208. 

36. Ellis, S.G., Roubin, G.S., Wilentz, J., DouglasJ.S.Jr., and King, S.B. 1989. 
Effect of 18- to 24-hour heparin administration for prevention of 
restenosis after uncomplicated coronary angioplasty. Am. Heart J. 
117:777-782. 

37. Emanuelsson, H., et al. 1995. Long-term effects of angiopeptin treat- 
ment in coronary angioplasty. Reduction of clinical events but not 
angiographic restenosis. Circulation. 91:1689-1696. 

38. The Multicenter European Research Trial with Cilazapril after Angio- 
plasty to Prevent Transluminal Coronary Obstruction and Restenosis 
(MERCATOR) Study Group. 1992. Does the new angiotensin convert- 
ing enzyme inhibitor cilazapril prevent restenosis after percutaneous 
transluminal coronary angioplasty? Results of the MERCATOR study: 
a multicenter, randomized, double-blind placebo-controlled trial. Cir- 
culation. 86:100-110. 

39. Kaneda, N., Talukder, A.H., Nishiyama, H., Koizumi, S., and Muramat- 
su, T. 1996. Midkine, a heparin-binding growth/differentiation factor, 
exhibits nerve cell adhesion and guidance activity for neurite outgrowth 
in vitro./. Biochem. (Tokyo). 119:1150-1156. 



The Journal of CUmcal Investigation | February 2000 | Volume 105 | Number 4 



495 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□f COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: _ . _ _ '• ■■ 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



c 



